It has been demonstrated previously on the radial maze that the emergence of an age-related mnemonic impairment is critically dependent on the form which the discrimination problems took. Hence, when the arms were presented one by one (i.e., successive go-no-go discrimination), both adult and aged mice learned to distinguish between positive (baited) and negative (unbaited) arms readily, as evidenced by their increased readiness to enter positive relative to negative arms (i.e., by a differential in arm-entry latencies). A selective impairment in the aged mice was seen when these arms were presented subsequently as pairs, such that the mice were confronted with an explicit choice (i.e., simultaneous 2-choice discrimination). When discriminative performance was measured by the differential run speed between positive and negative arms, aged mice were also impaired. This was particularly pronounced in the 2-choice discrimination condition. We examined the effects of tacrine (3mg/kg, subcutaneously) or S 17092 (10mg/kg, orally) in aged mice on the three behavioral indices of this 2-stage spatial discrimination paradigm. The results indicated that: (1) Tacrine, but not S 17092, enhanced the acquisition of go-no-go discrimination as reflected in arm-entry latencies; (2) both drugs improved choice accuracy in simultaneous discrimination, although the effect of tacrine was less striking and, in particular, far from statistical significance in the very first 2-choice responses; and (3) neither drugs significantly affected run-speed performance. We conclude further that the specific patterns of drug effects on the three indices of discriminative performance might suggest that each index is associated with a distinct form of mnemonic expression relying on separate neural systems.
In humans, declarative/explicit memory appears to be more vulnerable to deterioration in senescence than procedural/ implicit memory (Poon 1985; Gabrieli 1996; Schugens et al. 1997) . One cardinal characteristic of declarative memory is its flexibility as exemplified by its capacity to support inferential use of memories in novel situations (Cohen 1984) . Using a two-stage paradigm of discrimination learning, Marighetto et al. (1999) have previously demonstrated that aged mice displayed impaired inferential abilities when they were required to make an explicit choice between two eventualities that were only encountered before separately, but never conjointly. In Stage 1, the mice learned to discriminate between the valence of three baited (positive) and three unbaited (negative) arms in a radial maze with each of the arms presented one at a time, i.e., successive go-no-go discrimination. Successful discrimination was indicated by the animals' increased readiness to enter positive arms relative to negative ones. In Stage 2, the animals were confronted with an explicit choice between one positive arm and one negative arm they had learned to discriminate previously. Aged mice, but not young ones, were unable to translate their preference for the positive arm shown in Stage 1 into a correct choice in Stage 2.
In this paradigm, the presence or absence of a mnemonic impairment in the aged mice is critically dependent on the different forms that a discrimination problem can take. One interpretation is that these corresponded to two forms of memory expression for the same piece of previously acquired information, and that only one is impaired in the aged mice. Such inflexibility of mnemonic expression has been proposed as a mouse model of age-related declarative memory decline in humans. Indeed, it represents a specific alteration in the ability to compare and contrast information originating from separate sources and this ability has been considered as a cardinal characteristic of human declarative memory (Cohen 1984) . Furthermore, the specificity of this deficit is consistent with the relational theory of hippocampal function (Eichenbaum 1992; Eichenbaum et al. 1994 ). According to this theory, the neural substrate underlying memory for separate pieces of information (as in successive go-no-go discrimination) is distinct from the hippocampal-dependent one that sustains the construction and storage of relational representations of past experiences. Flexible deployment of memories (as exemplified in the explicit 2-choice discrimination) is critically dependent on the integrity of the latter system centred on the hippocampal formation.
We believe that this mouse model of the preferential loss of declarative memory seen in human senescence might be of particular relevance to preclinical evaluation of potential pharmacological interventions against age-related cognitive disorders. Because the basic components involved in the two stages are essentially identical (in terms of the stimuli presented, the responses required, motivation, and reward magnitude), this design should enable one to evaluate "direct" effects of drugs on cognition without confounding from nonspecific (motivation, affect) factors that could "indirectly" affect cognitive performance. This design should also enable one to discriminate among procognitive drugs, those that specifically affect a form of memory that is altered in our aged subjects from those that possess a more general facilitatory effect on memory. Therefore this model might be useful in selecting from among alternative development candidates. It could also be helpful in evaluating potential mechanisms of cognitive impairment with consequent implications for directing future therapeutical approaches.
The primary objective of our study was to assess the potential value of this novel paradigm in pharmacological research. To this end, we examined the effects of two potential pro-cognitive agents, each targeted at a separate neurobiological process, on this mouse model of age-related cognitive decline.
The first drug, tacrine, was selected here as it represents one of the most popular agents designed to augment cholinergic transmission, a therapeutic route motivated by the classical cholinergic hypothesis of cognitive decline in aging. Supports for this hypothesis have derived from evidence of a cholinergic deficiency in aged animals and humans, as well as in age-related pathological conditions such as Alzheimer's disease (for a review, see Bartus et al. 1985; Gallagher and Colombo 1995) . This has led to the development of cholinomimetics as potential therapeutic agents, designed to compensate for the atrophy or loss of basal forebrain cholinergic neurones seen in senescence (Bartus et al. 1985) and related pathologies (Davies and Maloney 1976; Coyle et al. 1983 ). Among such cholinergic agents, the cholinesterase inhibitor, tacrine, has generated considerable preclinical (for review, see Mohammed 1993) and clinical interests (Qizilbash et al. 1998) . Here, we adopted a chronic treatment regime of this drug that has been shown previously to be effective in ameliorating memory performance in rodents (Flood and Cherkin 1988; Itoh et al. 1990; Riekkinen et al. 1991; Kirkby et al. 1996; Pavone et al. 1998) .
However, clinical trials have shown that the efficacy of cholinomimetics is often limited and their therapeutic window is relatively narrow. These limitations highlighted the need for the development of alternative pharmacological approaches. Potential targets for novel therapeutic intervention include factors that might influence the activity and/or survival of the cholinergic system as well as other neurotransmitter systems known to undergo alteration during aging. S 17092, the second drug selected in our study, represented such a drug in this category.
S 17092 is a novel inhibitor of prolyl endopeptidase (PEP, EC3.4.21.26) . PEP is a member of the serine-protease family that hydrolyzes peptide bonds at the L-proline carboxy terminal. PEP plays an important role in the catabolism of proline-containing peptides such as substance P, arginin-vasopressin, thyrotropin-releasing hormone (TRH), bradykinin, angiotensin, neurotensin, and oxytocin (Wilk 1983) . Hence, the action of S 17092 is expected to retard the degradation of a wide range of neuroactive peptides. There are a number of hypotheses suggesting that pharmacological interventions targeted at neuropeptides might be effective treatment for age-related decline.
Firstly, the neuropeptide TRH (among others) has been shown to promote cholinergic function and the release of acetylcholine (Giovannini et al. 1991; Bennett et al. 1997) . Secondly, it has been demonstrated that several neuropeptides can promote processes related to functional recovery following CNS damage (Dekker et al. 1987; Pitsikas et al. 1991; Mattioli et al. 1992; Lestage et al. 1998a ) and display neurotrophic actions in vitro (Iwasaki et al. 1989; Whitty et al. 1993) . Thirdly, a number of neuropeptides are also found to be reduced in aged animals and humans (Buck et al. 1981; Dupont et al. 1981; Wang et al. 1981) . For example, deficiencies in substance P and vasopressin have been reported in postmortem studies of cerebral tissue derived from patients with neurodegenerative diseases (Ferrier et al. 1983; Rossor et al. 1986; Beal and Mazurek 1987; Husain and Nemeroff 1990) . Hence, peptidergic alterations might play a significant role in age-related cognitive decline.
This suggestion is further supported by evidence for a beneficial effect on mnemonic performance following substance P treatment in aged rats (Hasenöhrl et al. 1990) . A similar facilitation has also been seen in patients with Alzheimer's disease following TRH treatment (Mellow et al. 1989 (Mellow et al. ,1993 Molchan et al. 1992 ) and in volunteer subjects treated with scopolamine (Molchan et al. 1990 (Molchan et al. ,1992 . However, the effectiveness of systemic neuropeptidergic treat-
ment is generally viewed with scepticism because of the peptides' relative impermeability through the bloodbrain barrier. This is further complicated by the possibility that not one but several neuropeptides might be involved in mnemonic decline associated with aging. Therefore, an agent such as S 17092 that can increase the brain levels of several neuropeptides concomitantly might provide a promising approach. Chronic administration of S 17092 in rodents has been shown to possess beneficial effects on different forms of memory performance (Lépag-nol et al. 1996; Lestage et al. 1998b) . We further investigated the procognitive effects of this compound at a PEP inhibitory dose (∼50% inhibition of cortical PEP activity; Portevin et al. 1996) that has been reported to be behaviorally effective in aged mice Lestage et al. 1998b ).
The results described here have been previously presented in an abstract form.
RESULTS

Stage 1
Response Latency All mice, except two from the vehicle group (which were rejected from further testing and excluded from any analysis) reached the criterion performance required for transition from Stage 1 to Stage 2. As shown in Figure  2 , tacrine-treated mice appeared to require less training to attain criterion performance compared to the other two groups. A randomized block oneway ANOVA on the number of sessions to criterion yielded a significant Group effect [F(2,34) = 3.649; P = 0.04]. However, post-hoc pair-wise comparisons revealed that the difference between the tacrine group and each of the two others failed to reach statistical significance [tacrine vs. vehicle: P = 0.068; tacrine vs. S 17092: P = 0.116; vehicle vs. S 17092: P = 0.82].
The change of the response latencies for the three treatment groups over the initial six sessions of training, and as a function of go and no-go trials, are depicted in Figure 3 . In the first session, there was no apparent difference between go and no-go trials regardless of groups. However, both S 17092 and tacrine affected the overall response latency to arm-entry. Whereas tacrine-treated mice took longer than vehicle controls to initiate an entry, S 17092-treated mice were quicker. Furthermore, the response latencies were found to decrease progressively in the tacrine group and to a lesser extent in the vehicle group. In contrast, this measure remained relatively stable across the six first sessions in the S 17092 group. A 3-way ANOVA, with the between-subjects factor, Group and two within-subjects However, neither the main effect of Reinforcement nor its interactions attained significance (all F's < 1). Furthermore, the main effect of Group remained significant when any one of the three groups was dropped from the ANOVA. Over the final six sessions, there was a progressive increment in the difference on response latencies between go and no-go trials in all three groups, suggesting that all animals were able to discriminate between positive and negative arms as training progressed. These impressions were supported by the significant effect of Reinforcement [F(1,34) = 59.59; P < 0.001] and its interaction with Session [F(5,170) = 8.37; P < 0.001]. Furthermore, the latency differential between go and no-go trials over the last four sessions appeared to be larger in tacrine-treated mice relative to vehicle controls. A similar but less pronounced trend was also seen in the S 17092 group. This impression was supported by the highly significant Group × Reinforcement interaction [F(2,34) = 5.72; P = 0.007]
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Further restrictive analysis suggested that this interaction stemmed mainly from the contrast between the tacrine and vehicle groups. The Group × Reinforcement interaction remained significant when the S 17092 group was dropped from the ANOVA, but not when the tacrine group was removed.
Over the final six sessions of training, tacrine treatment continued to retard the overall latency to initiate an armentry, while the opposite effect associated with S 17092 treatment had disappeared. This was supported by post-hoc pair-wise comparisons (tacrine vs. vehicle or tacrine vs. S 17092, P < 0.001; S 17092 vs. vehicle, n.s.).
Run Time
Analyses were also performed on the run time measure (defined as the time necessary to run from the entrance to the food well of an arm) on go and no-go trials. Performance over the first six sessions and the last six sessions was analyzed separately.
Over the first six sessions (Fig. 4A) , there was no difference in run times between go and no-go trials (Reinforcement and Reinforcement × Session: both F's < 1, n.s.) but there was a significant decrease in the overall run time over the six sessions [Session: F(5,170) = 33.33; P < 0.001]. This trend appeared to be similar across groups (Group × Session: F < 1). Both tacrine and S 17092 tended to slightly 
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increase the overall run time but this failed to yield a significant Group effect [F(2,34) = 2.79; P = 0.075].
Over the last six sessions (Fig. 4B ), the run time on no-go trials was slower than on go trials, and this difference was increased as training progressed. This gave rise to a main effect of Reinforcement [F(1,34) = 61; P < 0.001] and its interaction with Session [F(5,170) = 9.16; P < 0.001]. The run time differential between go and no-go trials was of similar magnitude among groups (Group × Reinforcement: F < 1). In these final sessions of Stage 1, there was also no evidence for any between-group difference in terms of overall run speed (Group: P > 0.15).
Summary
S 17092 treatment did not significantly affect the acquisition of successive go-no-go discriminations. Neither the rate of acquisition nor the level of discrimination performance was modified in terms of response latency or run time. The only clear effect of S 17092 was to reduce overall response latency in the first six sessions.
Conversely, tacrine showed some beneficial effects on performance. Tacrine-treated mice attained criterion performance earlier (i.e., with fewer sessions) and their discriminative performance as measured by the differential in armentry latencies between go and no-go trials in the final sessions was also enhanced. However, it should be noted that the latter effect might be partly attributed to the nearasymptotic level (of go latencies) seen in the other groups (but not in the tacrine group) at this phase of training. The discriminative performance reflected in the absolute differential in arm-entry latencies in the vehicle and S 17092 groups might have been underestimated due to this floor effect.
Stage 2
Choice Accuracy When required to make an explicit choice between two arms of opposing valence that were previously experienced separately, vehicle-treated aged mice failed to show any preference for the positive arm. They performed at a level close to chance with a mean (± S.E.M.) percent correct of 53.00 ±2.84% in the first session and 58.33 ± 2.99% in the second session. On the other hand, mice treated with S 17092 or tacrine were performing at a superior level (see Fig. 5 ). S 17092 group was performing at 68.80 ± 4.19% and 72.50 ± 2.11%, whereas the tacrine group was performing at 65.90 ± 3.27% and 66.2 ± 4.03%, in the first and second sessions, respectively.
Further pair-wise comparison indicated that the performance of S 17092-treated mice was significantly above that 
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of vehicle-aged controls on both sessions (P = 0.004). Although, the present experiment did not consist of a group of young mice, it is interesting to note that our S 17092-treated mice were performing at a level comparable to younger untreated animals (75.1%) from an earlier experiment with identical design (see Fig. 5 of Marighetto et al. 1999) . Conversely, the enhancing effect of tacrine was less striking, only attaining significance in the first session (P = 0.006 vs. vehicle) but not in the second session (P = 0.13 vs. vehicle). A 2-way (Group × Session) ANOVA on choice accuracy only yielded a significant effect of Group [F(2,34) = 6.62; P = 0.004]. This supported the conclusion that both drugs were effective in enhancing choice accuracy in Stage 2.
Supplementary analyses were performed separately on the choice accuracy on the first three trials of the first session. These trials are of particular interest because they comprised the first presentation of each of the three pairs (A, B, and C), i.e., when these pair-wise arrangements were presented to the mice for the very first time.
Analysis of these trials would enable us to determine whether the enhancing effects of the drugs on choice accuracy described above was attributable to improved acquisition of pair discrimination as such, rather than via a flexible deployment of knowledge (individual arm's reward valence) acquired during Stage 1. If so, performance on these initial trials should be close to chance level. However, if the enhancing effects of the drugs were already apparent in these initial trials, it would support the interpretation that they facilitate flexible transfer of past experience in novel situations.
As shown in Figure 6 , the beneficial effects of both drugs on choice accuracy were already visible on these initial pair-wise discrimination trials (mean ± S.E.M.: 69.21 ± 6.5% for tacrine, 79.25 ± 8.6% for S 17092, and 51.47 ± 6.26% for vehicle). This was confirmed by a one-way ANOVA that yielded a significant effect of Group [F(2,34) = 3.91; P = 0.03]. However, pair-wise comparisons further revealed that this enhancing effect was only significant for S 17092 treatment (P = 0.044 vs. vehicle) but not for tacrine (P = 0.159 vs. vehicle). Figure 7 depicted the response (arm-entry) latency expressed according to whether the response was directed to rewarded (correct response) or non-rewarded (incorrect response) arms as a function of treatment and session. The response latency for go trials and no-go trials in the last session of Stage 1 is also shown in Figure 7 to illustrate the effect associated with the transfer from Stage 1 to Stage 2 on this measure. It can be seen that tacrine treatment again led selectively to a global increase in the latency to initiate an arm entry.
Response Latency
An ANOVA with the factor Group and the two withinsubjects factors, Reinforcement (whether the chosen arm was positive or negative) and Session, was performed on the latency measures obtained in the two sessions of simultaneous 2-choice discrimination testing. This revealed a main effect of Group [F(2,34) = 4.99; P = 0.013] which stemmed mainly from a significant difference between tacrine and vehicle groups (P = 0.009). The other pair-wise comparisons failed to attain significance (tacrine vs. S 17092: P = 0.142; vehicle vs. S 17092: P = 0.15]. 
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This is consistent with the previous (Stage 1) conclusion that tacrine significantly increased response latency. As shown in Figure 7 , tacrine also appeared to modify the pattern of response latency as a function of whether the response was correct or not. This impression, however, only received tentative statistical support, with the Group × Reinforcement interaction approaching, but failing to attain significance [F(1,34) = 3.05; P = 0.06]. No other effect was statistically significant.
Run Time
The run time measure obtained in Stage 2 was submitted to an ANOVA with the between-subjects factor Group and the two within-subjects factors, Reinforcement and Session (see Fig. 8 ). This revealed a main effect of Group [F(2,34 = 3.5; P = 0.04]. Regardless of whether the chosen arms were rewarded or not, S 17092 increased the run time relative to vehicle (P = 0.006).
The main effect of Session [F(1,34) = 7.5; P = 0.01] and of Reinforcement [F(1,34) = 49.8; P < 0.001] as well as their interaction [F(2,34) = 4.4; P = 0.045] were also significant. The two main effects were associated with a reduction of run time as a function of Session, and overall shorter run time into positive arms relative to negative ones. The interaction effect arose because the effect of Reinforcement was increased from the first to second session. There was no evidence that these effects were differentially expressed between groups as there was no significant interaction terms involving Group.
Summary
In agreement with our previous data in normal (undrugged) mice (Marighetto et al. 1999 ), the present results demonstrated that vehicle-treated aged mice successfully discriminate between arms of opposing valence when these are presented one by one, in a successive go-no-go procedure. This was demonstrated in the final sessions of Stage 1, by the increased readiness of the mice to enter positive arms relative to negative ones (response latencies analysis). Their discriminative performance was also reflected in the runtime differential. However, they failed to translate their preference for the positive arms to correct choices in subsequent simultaneous discriminations (Stage 2).
The main result of this study is that chronic treatment of either S 17092 (10mg/kg per os) or tacrine (3mg/kg s.c.) significantly enhanced choice accuracy (percent correct analysis) relative to controls in Stage 2, although the effects of the two drugs on 2-choice performance were not identical, particularly on the very first trials. Furthermore, the procognitive effect on choice accuracy was not consistently accompanied by a similar effect on discriminative indices based on response latency or run-time. Specifically: (1) tacrine also increased the acquisition speed of go-no-go discrimination as reflected on the no-go/go ratio of arm-entry latencies in Stage 1, whereas S 17092 exhibited no such effect, (2) both tacrine and S 17092 failed to affect the run-time differential in both Stage 1 and Stage 2, despite the fact that this measure of discrimination was altered in control-aged mice, particularly at Stage 2 (Marighetto et al. 1999) .
Finally, tacrine consistently increased overall response latency, an effect that persisted throughout the entire experiment, and was particularly pronounced in novel or changed situations (i.e., the initial sessions of Stage 1 or Stage 2). In contrast, an opposite effect of S 17092 on response latency was clearly seen only in the initial sessions of Stage 1. Furthermore, while tacrine failed to affect the overall run time along the arms, S 17092 increased it, even though the latter effect was only apparent in Stage 2.
DISCUSSION
The deficit observed in control aged mice (see Marighetto et al. 1999 for a direct comparison between aged and younger adult mice) was specific for one form of memory expression for acquired spatial discriminations. Successful discrimination between arms of opposing valence was obtained when these arms were presented one at a time in a successive go-no-go procedure. This was reflected in the subject's relative response (arm-entry) latency and run time between positive and negative arms. Yet, such demonstrable acquired knowledge failed to guide the aged mice towards the positive arm when confronted with an explicit choice between two arms. In the latter test condition, the acquired knowledge remained undetectable in the subject's choice behavior until the subject has committed an entry. Indeed, once the mouse has entered an arm, its run speed was affected by the valence of the arm as it was in Stage 1, although this form of memory expression was also found to 
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be reduced in aged mice as compared to younger adults when assessed in choice situations (Marighetto et al. 1999) . Based on the theoretical interpretation offered by Eichenbaum et al. (1992 Eichenbaum et al. ( , 1994 , we have previously suggested that this kind of mnemonic inflexibility seen in the aged mice could be linked to an alteration in the relational processing of incoming/stored information. According to this, the aged mice stored or encoded the experiences during the first learning stage as separate, and therefore, impoverished representations of arm entries. Hence, they lacked the representation of a complex framework incorporating the relative relationships among arms, which normally enables comparisons and contrasts between separately experienced items. This is why they could perform normally when the test situations encourage the storage and use of separate representations of individually experienced items (successive go-no-go discriminations of arms), but failed in test situations that emphasize a judgement of the relative valence between two arms (which involves a comparison between two separate representations). The selectivity of the age-related deficit was therefore in coherence with the relational hypothesis that the system which sustains the acquisition of complex associations among items (relational representations) is dissociated from the one that enables the memorization of separate representations of information based on simple (stimulus-response or stimulus-reward) associations. By showing that choice performance of aged mice could be improved with or without a concomitant enhancement of the successive go-no-go discrimination, the present comparison of the effects associated with tacrine and S 17092 further support this hypothesis. More specifically, it appeared that S 17092 enhanced choice accuracy in Stage 2 without inducing major changes on other performance indices in Stage 1 or in Stage 2. This led to the conclusion that this drug specifically improved flexible deployment of passed experiences. This interpretation is further supported by the fact that the beneficial effect of S 17092 was readily visible and statistically significant in the initial trials of Stage 2. Within the theoretical framework of relational memory, this flexible deployment of memories can be seen as a result of the acquisition of complex associations among separately experienced items.
In contrast, tacrine affected discriminative performance at both stages of the experiment and its beneficial effect on choice accuracy was not significant in the first trials of Stage 2. These cannot be interpreted as a specific improvement of the flexible deployment of memories in novel situations. This less-specific effect of tacrine might be taken as evidence for the hypothesis that acetylcholine plays a general role in sensory information processing and attention (for review, see Blokland 1996; Sarter and Bruno 1997) . This latter interpretation is further supported by the observation that overall response latencies were increased in tacrine-treated mice, and in particular, in novel or changed situations. Given that tacrine did not affect run time, it appeared that the drug specifically retarded response initiation but not response execution. This suggested that the drug had no effect on locomotion but affected attention or behavioral inhibition processes. Interestingly, S 17092 was effective in modifying the overall response latency in the initial sessions of Stage 1, but the direction of this effect was opposite to that of tacrine. The possible mechanisms that might underlie such a disinhibiting effect are unknown. This is further complicated by the fact that S 17092 slowed down the run speed in Stage 2. Nevertheless, the observation that the two drugs exerted opposite effects on the time parameters while at the same time are both effective in enhancing choice accuracy demands further considerations. Firstly, the effects of tacrine can be seen as evidence for a positive effect on attention that can lead to enhanced choice performance on Stage 2 by aged mice. Secondly, the equally beneficial effect of S 17092 on choice accuracy in Stage 2 indicates that the hypothesized effect on attention of tacrine is not a necessary condition for the amelioration of the specific cognitive impairment experience by our aged mice. Hence, it might be suggested that the two drugs are targeting different neurobiological processes, acting as cognitive enhancers via distinct cognitive processes.
We have observed previously that aging did not alter the go-no-go discriminative performance as measured by response-latency differential, but tended to reduce the differential in run times between positive and negative arms (Marighetto et al. 1999 ). This latter index was also affected by aging in the 2-choice condition in Stage 2. Our results showed that tacrine enhanced the go-no-go differential in terms of response latency but not in terms of run time, whereas both indices remained unaffected by S 17092. Hence, it is tempting to speculate that the cognitive system that underlies the discriminative performance as measured by run time is, at least partially, dissociable from the one underlying the performance revealed by arm-entry latency. On the one hand, the progressively increasing divergence between the latency to enter positive and negative arms could be considered as following a progressive increment in stimulus-response associations in the form of: "when this particular arm is opened→Go " and "when this one is presented→No go ," the progressive increase in the differential run time between positive and negative arms can be viewed as a result of the progressive formation of stimulusreward associations in the forms of "whenever I am in this particular arm, I would get a food reward," and "whenever I am in that arm, I would not be rewarded."
When our study comparing tacrine and S 17092 and the previous report (Marighetto et al. 1999 ) comparing normal aged and adult mice are considered together, one might speculate the existence of three distinct behavioral expressions of acquired knowledge concerning the reward va-
lence of individual arms as demonstrated through such a spatial discrimination paradigm. These are represented by (1) the percentage of correct choices in simultaneous discriminations; (2) the relative readiness to make an entry in the successive discrimination procedure; and (3) the relative run speed toward the food well in both procedures. The different expressions of 2-arm discriminations revealed by the effects of aging and those of drug administration are reminiscent of a triple dissociation of memory systems revealed through a comparative analysis among the effects of hippocampal, striatal, and amygdalar lesions (McDonald and White 1993). Hence, one can speculate that these aspects of mnemonic performance might rely on separate and more or less independent memory systems. The "relational" memory system, sustaining the ability to compare information originating from separate sources, and hence 2-choice discrimination performance, would be impaired by aging but enhanced by tacrine or S 17092. The "habit" memory system, acquiring stimulus-response associations revealed in relative response latencies, would be unaffected by aging and S 17092 but sensitive to the effects of tacrine. The "affective" memory system, sustaining the formation of stimulus-reward associations reflected in run speed, would be largely preserved in aged mice and unaffected by either procognitive agents studied here, although its expression can be compromised in certain conditions (Marighetto et al. 1999) . Further studies are needed to test the validity of these hypotheses. A lesion approach would be particularly suited to address these issues concerning the critical anatomical substrates underlying these hypothetically distinct memory systems.
MATERIALS AND METHODS
Subjects and Drugs
Subjects were 48 naive mice of the C57/bl6 Jico inbred strain obtained from IFFA Credo (Lyon, France). They were between the ages of 23 and 25 months at the beginning of the experiment. On arrival, the mice were caged in groups and housed in a climatized animal-keeping room, maintained under a 12:12 light-dark cycle and ad lib food and water. After 4-6 weeks, they were caged singly. Pharmacological treatment commenced a fortnight later.
The mice were divided into three treatment groups: vehicle (n = 18), tacrine (n = 18) and S 17092 (n = 12). Preliminary experiments indicated that tacrine treatment was associated with higher between-subjects variability. Thus, more subjects were included in the tacrine group than in the S 17092 one. In the course of the experiment, eight mice died (1 vehicle, 4 tacrine, and 3 S 17092) and three others (2 vehicle and 1 S 17092) were dropped from further behavioral training (see Behavioral Procedure below). The final group sizes were: vehicle (n = 15), Tacrine (n = 14) and S 17092 (n = 8).
S 17092, at a dose of 10mg/kg, was administered orally whereas tacrine, at a dose of 3mg/kg, was administered subcutaneously. Mice in the vehicle condition, received 10ml/kg of saline either orally (n = 9) or subcutaneously (n = 9). These relevant drug doses and the chosen routes of administration were established on the basis of previous reports on the procognitive effects of these compounds (for S 17092: Lépagnol et al. 1996; Lestage et al. 1998b; for tacrine: Flood and Cherkin 1988; Itoh et al. 1990; Riekkinen et al. 1991; Kirkby et al. 1996; Pavone et al. 1998) . Tacrine (9 amino1,2,3,4-tetrahydroacridine hydrochloride: hydrate) was obtained from Sigma Aldrich (St. Quentin Fallavier, France, product no. A3773). S 17092 was obtained from the Institut de Recherches Internationales SERVIER (IRIS) (Courbevoie, France).
Treatment began one week prior to the beginning of behavioral training. In the first week, the mice were treated daily at ∼1600 hrs. From the first day of behavioral training, treatment was administered either 45 min (for tacrine and placebo-oral groups) or 1 hr (for S 17092 and vehicle-subcutaneous) prior to behavioral training.
Food deprivation was introduced progressively over the three days prior to the beginning of behavioral testing. The animals were eventually given a fixed amount of laboratory food chow per day, and their body weight was maintained at a stable level, ∼90% of the free feeding weight.
Experiments were carried out in accordance with the European Communities Council Directive of November 24, 1986 (86/ 609/EEC).
Apparatus
The apparatus was a fully automated, elevated, 8-arm radial maze, located in a quiet testing room enriched with distal cues. Its dimension and construction have been described in full elsewhere (Marighetto et al. 1999) . A door was mounted at the entrance to each arm, and a pellet dispenser was installed at the end of each arm. Door movements were controlled by a computer program which also tracked the position of the mouse within the maze continuously via pressure captors underneath the central platform and two pairs of photocell beams installed along each arm. One pair of photocell beams guarded the entrance of the arm, and one just in front of the food well. This enabled a real-time control of the accessibility to the maze arm(s) according to a predetermined test schedule.
Behavioral Procedure
Shaping
The animals were first habituated to the maze over a period of two days. On each of these days, the animals were allowed to move freely in the maze individually until they had collected a reward from each of the eight prebaited arms. Subjects that failed to collect all the food within 15 min on the second day were given one additional session on the same day. Subjects that failed to collect all the food during this extra session within 15 min were dropped from further testing.
Discrimination Tasks
Each subject was separately assigned six adjacent arms. Out of these, three served as positive (baited) arms, and the remaining three as negative (not baited) arms. The relative locations of these arms were such that these six arms could be grouped into three pairs of adjacent arms with opposing valence (see in Figure 1 , pairs A,B,C). In addition, it was ensured that if the positive arms of Pairs A and B were on the left, the positive arm of pair C had to be on the right, and vice versa.
As shown in Figure 1 , the present experiment consisted of a two-stage paradigm. The only parameter that was changed from Stage 1 to Stage 2 was the way in which the arms were presented
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www.learnmem.org to the mice. As detailed below, the arms were presented one at a time in Stage 1 and in pairs in Stage 2.
Stage 1
In Stage 1, the six arms were always presented one at a time using a go-no-go discrimination procedure. On each trial, the door to one arm (which could be a positive or a negative one) was open, and remained so for a maximum duration of 120 sec; this was later reduced to 20 sec as training progressed. If the subject entered and reached the food well within the allotted time, the door would close as soon as they returned to the central platform. If the subject failed to enter in time, the door would close. If the subject entered the arm but failed to reach the food well in time, the door would close as soon as it returned to the central platform. In all cases, the trial ended as the door closed, and the mouse was confined to the central platform for 5 sec, which constituted the inter-trial interval. Each daily session consisted of 24 trials with four presentations of each of the six arms according to a pseudo-random sequence.
Training continued until the mice attained criterion performance (as specified below) with respect to each of the three predetermined pairs of arms (Fig. 1, pairs A ,B,C). All mice must undergo a minimum of six daily sessions in Stage 1, and mice failing to reach criterion performance in 16 sessions were dropped from further testing. When a mouse attained criterion performance at this stage, it was transferred to Stage 2 testing on the following day.
Two distinct performance indices were used to evaluate the discriminative performance in Stage 1. The first index was based on response latency, defined as the time elapsed from the beginning of the trial (opening of one door) to the moment when the mouse interrupted the photocell-beam at the entrance of the arm. This first index was also mentioned as arm-entry latency. The second index was based on run time, defined as the time elapsed between the interruption of the photocell beam at the arm entrance and interruption of the second photocell beam located in front of the food well. For each predetermined pair of arms of opposing valence (pairs A,C) discriminative performance was measured by: (1) the difference between the medial response latency (per session) to enter the negative arm relative to the positive arm; and (2) the equivalent difference based on run time. Whereas the latter measure enabled us to evaluate the animals' behavior after the initiation of an approach response, the former measure corresponded more closely to the decision-making process of the approach response.
The criterion for transfer from Stage 1 to Stage 2 was based on a ratio between response latency for the negative arm and response latency for the positive arm. This "discriminative ratio" contrasts the readiness of a subject to enter negative arms relative to positive ones. A ratio of unity represents chance performance or no preference. When this ratio is well above unity, it indicates that the subject is more ready to enter the positive arms and/or more reluctant to enter the negative ones. A mouse was considered to have attained criterion performance when its overall discriminative ratio was >1.5 for two consecutive sessions, and provided that the discriminative ratio of each of the three adjacent pairs (A,B,C) was >1.3 on the last session of Stage 1.
Stage 2
This lasted for two consecutive days. The discrimination problems presented in Stage 2 were between the same six arms as those in Stage 1 and the reward valence of each arm also remained unchanged. However, their presentation was modified, namely, the six arms were now grouped into three pairs.
In each trial, the subject was confronted with access to two adjacent arms with opposing valence as depicted in Figure 1 as pairs A, B, or C. A choice was considered to be made when the subject had reached the food well of an arm; this also triggered the closure of the door to the alternative arm. The trial was finished as soon as the subject returned to the central platform. As in Stage 1, the inter-trial interval was 5 sec. Each daily session consisted of 20 consecutive trials comprising of alternating presentations of pairs A, B, and C according to a pseudo-random sequence.
Again, two distinct behavioral indices were used to evaluate discriminative performance. The first measure was choice accuracy in terms of percent correct. The second was the difference between the median run time in the positive and negative arms. Whereas the first measure more closely referred to the decisionmaking process of an approach/avoidance response, the second measure enabled one to evaluate the animals' behavior after the initiation of an approach response. In addition, the second index also allowed a direct comparison with Stage 1 (successive go-no-go discrimination) performance because the same index was also obtained in Stage 1.
Although they were not used as an index of discriminative performance at this stage, response latencies were also recorded, and still analyzed as a function of whether the chosen arm was positive or negative.
Statistical Analysis
Data were analyzed by analyses of variance (ANOVAs). Each ANOVA always included a between-subject factor, Group, which contrasted the three treatment conditions. Post-hoc pair-wise comparisons were performed using the Scheffe's procedure. 
